Abstract: This paper presents an optimal power flow method based on the generation rescheduling priority to enhance transient stability in power systems. In order to determine the generation rescheduling priority the energy margin sensitivity indices are calculated. The candidate generators for generation rescheduling are determined by the energy margin sensitivity indices and then optimal power flow (OPF) is calculated. The OPF formulates the Lagrangian function with the power flow equations and the fuel cost function and searches the optimal solution of the Lagrangian function by using the Newton's approach. The method proposed is applied to a 6-bus 7-lines system to demonstrate its effectiveness.
INTRODUCTION
Since Dommel et al. (1968) introduced the optimal power flow (OPF) problem, many approaches have been applied for solving the OPF problem, including methods of direct optimization of the non-linear OPF problem. Sun et al. (1984) and Kwok et al. (1987) described a Newton approach that is a sparsity-oriented, simultaneous solution method for all of the unknowns of a quadratic approximation of the Lagrangian function. Harsan et al. (1997) and Ramesh et al. (1997) suggested a security analysis for security constrained optimal power flow. Momoh et al. (1994) proposed the generation rescheduling to enhance dynamic security for multi-area power systems, which consists of dynamic security assessment (DSA) using the transient energy function method, sensitivity analysis and controls ranking, and control coordination among the areas. Kuo et al. (1995) developed an optimal generation rescheduling approach for transient stability enhancement. Rescheduling the generation in the power system improves system security by increasing the critical clearing time or the transient energy margin without changing total generation. Fang et al. (2007) proposed a new generation rescheduling approach for preventive control of power systems, which can optimally reallocate power generations for multiple unstable contingencies. The transient stability constraints used in the optimal rescheduling model are described by a heuristic stability performance index. This paper presents an optimal power flow method based on the generation rescheduling priority to enhance transient stability in power systems. In order to determine the generation rescheduling priority the energy margin sensitivity indices are calculated. The candidate generators for changing the amount of generation are determined by the energy margin sensitivity indices. The OPF searches for the optimal solution of the Lagrangian function by using the Newton's approach. The method proposed is applied to a 6-bus 7-lines system to demonstrate its effectiveness.
TRANSIENT ENERGY FUNCTION METHOD

Typical Swing-equation Model
Pai (1989) used a typical swing-equation model that includes second-order differential equations associated with generator buses: 
where is the reduced bus admittance matrix.
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The criterion of transient stability is that the difference of any two rotor angles does not exceed the maximum secure relative swing angle, which is set as 180 , within a certain period after fault. Therefore, the transient stability is checked by using the generator angle difference: 
Transient Stability Energy Margin
The transient energy function (TEF) method of power system stability analysis, which Pai (1989) and Fouad (1992) suggested, is based on the computation of transient energy margin. In order to calculate energy margin, two values of the transient energy function have to be computed. The first value is transient energy that is the sum of kinetic and potential energy at the end of a fault. The second is critical energy that is potential energy at controlling UEP. This paper used potential energy boundary surface (PEBS) method in determining the starting point. And the Davidon-FletherPowell (DFP) method for unconstrained minimization was used in calculating the exact UEP.
The transient energy margin is the difference between the transient energy and the critical energy. Energy margin function can be formulated by using the concept of the center of inertia (COI) reference frame. The energy margin function ( ) that Fouad (1992) and Kim (2002) used is defined as:
where the transient energy function and the critical energy function are defined as (6) and (7). The transient energy breaks out during the disturbance. So the longer the period of disturbance sustains, the more the transient energy occurs. As the critical energy is constant after disturbance, energy margin will decrease to negative. For this reason the fault clearing time is one of the most important factors to determine the energy margin. Also to apply in the real system, we consider the allotted power flow in the faulted line just before the fault because the load condition greatly affects the energy margin. The energy margin has the fault clearing time and load condition as a variable in a certain line fault. Fig. 1 shows the transient energy increase as a function of delayed fault clearing time. 
Energy Margin Sensitivity
The transient energy margin is a function of parameters as follows:
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where mk P is mechanical power to the kth machine A change in any of the functional parameters obviously causes a change in the energy margin. Especially the energy margin sensitivity is evaluated for its change with respect to generation. For a given contingency, the sensitivity expression of the energy margin is computed by Momoh et al. (1994) and Vittal et al. (1989) as follows:
where k α is any system parameter of interest.
Two critical inferences could be made based on the value of the energy margin sensitivity. First, it is possible to rank the sensitivities and thereby determine the generators which will affect the energy margin most and hence affect the stability (instability) of the system. Second, the sign of the sensitivity indicates the direction of change in generation for a given change in energy margin. The expression for energy margin sensitivity to change in generation is given as (9). According to energy margin sensitivity, if the output of generator that has minus sensitivity is increased, energy margin is reduced. On the contrary to this, if the output of generator that has plus sensitivity is increased, energy margin is improved. 
OPTIMAL POWER FLOW BY THE NEWTON'S APPROACH
General Nonlinear Optimization Problem
The general nonlinear optimization problem consists of finding an optimum of a nonlinear objective function subject to a set of equality and inequality constraints, some or all of which are nonlinear. Now, the formulation of the Lagrangian function for a given active constraint set and the simplified minimization problem was expressed by Sun et al. (1984) and Kwok et al. (1987) is a vector of m functions.
The necessary conditions for a constrained minimum of can be written as:
If the Taylor series expansion is used in the previous set of (12) (13) in a matrix form, we obtain
From the set of equations in (12), (14) can be rewritten as:
Equation (15) gives the iterative correction vector
in applying the Newton's method for minimizing a general Lagrangian function. The set of all first partial derivatives of ( , ) L y λ form the gradient vector 
Newton's Approach for Minimizing Fuel Cost Function
The objective function of the OPF is the total fuel cost of generators:
Lagrangian function of the OPF problem is defined as follows:
To find a minimum of the Lagrangian function is the same as to find the minimum of a multivariable function since the Lagrangian function itself is a multivariable function.
SIMULATION RESULTS AND DISCUSSION
Comparison of Time Simulation and Energy Margin
In order to compare the time-simulation method and transient energy margin, a 6-bus 7-lines system is considered as shown in Fig. 2 . The load data, line and machine data for the system can be found in Kim et al. (2008) and Appendix A. It is assumed three phases line fault that closes to the bus. The fault clearing policy is to disconnect the faulted line. In Fig. 3 to check the transient stability of (4) simulation is performed with fault clearing time of 0.41 sec. Also, the transient energy margin of (5) is equal to 0.0553 which can be stable. But in Fig. 4 it is performed with fault cleared time of 0.411 and it is seen that the system is unstable. The transient energy margin of (5) 
Energy Margin Sensitivity Indices and OPF Results
The cost coefficients and the generation limits are listed in Appendix A. The fault is considered at bus 3 and cleared by tripping line 3-4 at 0.41s, fault clearing time. The energy margin sensitivity indices obtained by using (9) are indicated in Table I . Machines 7, 8, and 10 are selected as the candidate generators for the OPF according to the magnitude of the energy margin sensitivity. According to energy margin sensitivity, sensitivities of generator no. 7, 8 and 10 have plus value and the increasing of their generations means the increasing of energy margin. Therefore, the generation of generator no. 9 is fixed. If the generations of the others that have plus value are varied, the energy margin can be improved. From Newton's approach of the section 3, the result of generation rescheduling is indicated in Table I . The rotor angle plots with fault clearing time 0.411s after OPF are shown in Fig. 5 . Also the energy margin of (5) is equal to 0.0347, which shows the stable system. Therefore, it is seen that the energy margin method can be used in the OPF based on generation rescheduling priority to improve the transient stability. 
CONCLUSIONS
This paper presents an optimal power flow method based on the generation rescheduling priority to enhance transient stability in power systems. In order to determine the generation rescheduling priority the energy margin sensitivity is calculated and is listed. The candidate generators for the generation rescheduling are determined by the energy margin sensitivity and then the optimal power flow (OPF) is calculated. Therefore, it is seen that optimal power flow based on generation rescheduling can be used to the online techniques for maintaining or enhancing power system stability.
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